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关，也和溶液环境密切相关；在 CdS 原始粒子为较低浓度时（0.1 mM）,其生长
以 OR 机制主导，在原始粒子为较高浓度时（20 mM），其生长以 OA 机制主导。
荧光分析表明:在 OA 主导的快速生长阶段，CdS 量子点以缺陷态发光为特征；











































Semiconductor nanomaterial have attracted much attention in recent years, due to 
their unique size-dependent properties and promising values in optoelectronic and 
biomedical applications. Synthesis of nanoparticles with a single size and morphology 
is one of the most significant challenges in nanotechnology. In this dissertation, by 
using absorption spectroscopy, fluorescence spectroscopy，XRD，TEM，SEM 
approach, we performed systematic investigations of the growth kinetics of QDs in 
solution and the correlation between the photoluminescence and crystal growth 
mechanism. On the basis of nano-thermodynamics, we expanded to discover new 
thermodynamics stable nanosystems. The main contents are as follows: 
Firstly, growth process of water-soluble mercaptoacetic acid coated CdS QDs was 
investigated by in-situ absorption spectroscopy, growth curves were fitted by kinetic 
model and the correlation between the photoluminescence and crystal growth 
mechanism was studying. By achieving the classic Ostwald ripening mechanism and 
oriented attachment(OA) growth mechanism respectively, we have shown the 
evolution of emission spectra were obviously different. The change of both the 
surface and internal defects during OA crystal growth were responsible for the 
specific variation of the photoluminescence of CdS QDs. Strategies for obtaining QDs 
with different luminescent properties were suggested. Further analysis indicated that 
surface state was proved to be the critical factor that affected the OA process by 
directing the particle-particle self-intergration. 
Secondly, on the basis of previous studies, CdS nanosheets have be confirmed as a 
new thermodynamics stable phase under hydrothermal conditions in a 4M 
KOH-tert-butyl alcohol solution at 180 °C , thermodynamics stable phase of CdS 
varies with the KOH concentration in the system but the nanosheets morphology is 
independent of the size of the CdS precursor (3 nm, 9 nm, or bulk). The 















free energy of the CdS (001) face of the wurtzite structure. Further research indicates 
that in this system, ZnS give a similar result, which confirmed that thermodynamics 
stable nano-systems do not exist in isolation, but has a certain universal exploration 
significance. The new thermodynamically stable nanostructures open opportunities 
for industrial mass production of nanomaterials .  
Thirdly, by using the fluorescence spectroscopy, we investigated the fluorescence 
variation of the CdS QDs during the crystal lattice self-integration process from 
different initial particle states after light treatment. Combined TEM, absorption 
spectroscopy, and growth kinetics, further research give the morphology evolutions of 
the quantum dots in light treatment follow the integration process, the variation of the 
fluorescence spectra, the basic principle of growth kinetics and post-processing to the 
synthesis of high-quality quantum dots was summed up. 
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第一章 绪 论 
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其中，d0是粒子在 t = 0 时刻的尺寸；K是与质量传输方式和粒子形状相关
的常数；指数 n的取值为 1-5 之间的整数，表明具体控制粒子长大的机制，例如
n = 1 为粘性流的控制，n = 2 为界面控制，n = 3 为体扩散控制，n = 4 为界面





包裹较弱时，则粒子的 OR 生长过程为扩散控制，此时 n = 3，此即 Lifshitz – 
Slyozov – Wagner (LSW )定律[28, 32- 33]：d3 – d0
3 = K t，其中 K = 8γDVmC∞/9RT。
然而，当表面被强作用的表面活性剂包裹，包裹剂大幅度降低粒子的溶解沉积的
速率时，OR 生长过程趋于溶解沉积表面反应控制(n = 2) [34] 。 
 
Figure 1.1 Scheme of nanocrystal growth controlled by:  a) Ostwald ripening 
mechanism (low monomer concentration)；b) Ostwald ripening mechanism (high 
monomer concentration)；c) oriented attachment mechanism 




















Figure 1.2 TEM image of ZnS nanoparticles growth by OR mechanism  






程可能会出现偏离 OR 生长的现象。1998 年，Penn 和 Banfield 等人在 Science
杂志提出来了一种新的纳米的生长机制——“取向结合”（oriented attachment，简
称 OA） [36-37]机制，之后，OA 机制在纳米材料的研究中被广泛报道。不同于
OR 机制的溶解-扩散-沉积的方式的生长，OA 机制则是纳米材料在晶格取向匹配
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